Mycorrhizal inoculation in the plant causing increase in growth and production of phytochemicals is well reported, however little information is available related to the effect of mycorrhiza on morphological and biochemical properties of the medicinal plants like Ashwagandha. The present study is an attempt on diversity analysis in Withania somnifera with an aim to ascertain the nature and extent of genetic diversity present among different accessions in presence of mycorrhiza. The major biochemical constituents of Ashwaganda roots are with nolides which are well known for its medicinal properties. Mycorrhizal associations confer benefits like better nutrition acquisition, enhanced growth, defense enhancement and improved abiotic and biotic stress tolerance in plants. The present investigation was undertaken to assess genetic diversity among five different accessions of W. somnifera using morphological and biochemical markers and the effect of mycorrrhizal inoculation on these marker. The present study concluded that presence of mycorrhiza was effective on plant growth and phytochemical constituents more than non-treated plants. Amongst five selected germplasms IC 283662, JA 134, RAS 23, MPAS 6 and MWS 205 of W. somnifera, JA 134 showed best response in pretext of the selected morphological and biochemical features in presence of mycorrhiza.
INTRODUCTION
Plant morphology has relevance to practically all disciplines of plant biology such as molecular genetics, physiology, ecology, evolutionary biology and systematics. Withania somnifera (L.) Dunal (Ashwagandha), is one of the important low input medicinal cash crops used in traditional system of Indian medicines. Lenin et al. (2010) showed that the inoculation of Arbuscular mycorrhiza (AM ) fungi resulted in significant increase in germination percentage, shoot and root length, fresh and dry weight, number of leaves per plant and total leaf area, as compared to non-inoculated plants. Manila and Nelson (2014) identified that AM colonization led to significant increase in the phenolic content of tomato plant than control one. Allah et al. (2015) observed that Mycorrhiza triggers defense system of host plant by stimulating level of growth regulators. They found that mycorrhizal inoculation significantly improves the physiological and biochemical parameters as well as total contents of soluble sugar, phenol and amino acid like proline. RaziaShuab (2016) observed that plants inoculated with mycorrhiza showed significantly better morphological growth parameters regarding fresh and dry weight of plant and chlorophyll content as compared to non-mycorrhizal plants in Crocus sativus. Further, Vesicular-Arbuscular Mycorrhizal (VAM) fungi inoculation enables the increase in plant height, fresh shoot weight and fresh root weight in squash crop was reported by Al-Hmoud et al. (2017) . They further claimed that double dose was the most effective treatment which increased the plant growth and root weight. Narwal et al. (2018) demonstrated the favorable effects of micorrhizal association in rice plants under aerobic conditions and showed positive correlation with the total chlorophyll content and nitrate reductase activity. The present investigation aims to assess genetic diversity amongst five different germplasm of ashwgandha, W. sominifera on the basis of their phenotypic and biochemical characteristics and to study the mycorrhizal effect on these features.
MATERIALS AND METHODS
Collection of plant material and establishment of mycorrhiza: In the present investigation, seeds of different genotypes of W. somnifera (L.) Dunal were procured from "Botanical Garden, Department of Genetics and plant breeding, Chimanbhai Patel College of Agriculture, Saradar Krushinagar, Dantiwada Agricultural University, Saradarkrushinagar" which were formerly collected from different research stations in India. The genotypes of W. somnifera (L.) Dunal used in present investigation were IC 283662, JA 134, RAS 23, MPAS 6 and MWS 205. Mycorrhizal spores (Glomus mosseae) were purchased from "The Energy and Resource Institute (TERI), New Delhi". Seeds of W. somnifera (L.) Dunal were surface sterilized with 10% ethanol for 1 minute, followed by a 10 minute treatment with 0.5% aqueous sodium hypochlorite solution (NaOCl) and finally three times rinsed with sterile distilled water. For initial germination, seeds were grown in petri dish on moist filter paper. The experiments were carried out under normal environmental conditions at temperature 25-32°C for ten days (Fig. 1) . After two weeks seedlings grown were transferred in plastic pots containing sand which was sterilized at 121 o c for 2 hours and for nutritional support, Murashige and Skoog's basal medium (MS) without sucrose and agar Murashige and Skoog, 1962) was used for watering ( Fig.  2) . All the chemicals and reagents used in the present investigation were of high purity analytical grade, purchased from Hi Media Laboratories Pvt. Ltd. All the five genotypes were grown in two sets i.e. control and mycorrhiza inoculated. In control set, Vesicular-Arbuscular Mycorrhizal was not inoculated while after 30 days of plants establishment, mycorrhizae spores were added to the second set of Ashwagandha accessions. The inoculum (0.5g fresh weight per pot containing approximately 100 spores) was placed in the pot at 2 cm depth closed to the roots, to facilitate fungal colonization on the plant root (Fig. 3) . Morphological characters evaluation: Data for nine quantitative traits was recorded for both the sets. The traits were plant height (cm), maximum leaf size (cm), fresh weight of leaf (gm), dry weight of leaf (gm), maximum root length (cm), fresh weight of root (gm), dry weight of root (gm), number of berries per plant and number of seeds per berry for each accession. Five plants were selected from each set on the basis of response in a genotype for recording the data.
A two factor CRD individual analysis was performed to determine the significance differences between the mean of each parameter tested in the study. The mean value was used for statistical analysis. These statistical analyses were performed by using SPSS software (Version 15.0, SPSS Inc., USA). The significance was tested at 5% level. Detection of arbuscular mycorrhizal fungi in roots of Ashwagandha: Roots were cleared by treating with 10 ml of 2M KOH solution at 60 °C for 1 hr then washed with water and treated with 3M HCl solution. Acidified root samples were stained with 0.01% trypan blue dye prepared in lactoglycerol (lactic acid and glycerol and water 1:1:1) for two hours. The roots were destained with lactoglycerol (without dye) overnight and finally were observed under compound microscope. Fungal structures like vesicles and arbuscules were observed under microscope as stained blue in the mycorrhizal inoculated root cells of Ashwagandha (Fig. 4) . Phytochemical Evaluation Plant material: Fresh leaves collected during flowering stage (three months old plant) for all the five accessions of W. somnifera (L.) Dunal including both sets (control and mycorrhiza inoculated) were used for phytochemical analysis. Sample preparation: Leaves were washed properly with tap water to remove soil and dirt and dried under shade at room temperature for two weeks and were ground to powder. The powder of the leaves was passed through a 0.5 mm metallic mesh to yield fine powder for the use of phytochemical estimation.
Quantitative profiling: The biochemical contents were estimated with calibrated curve method using UV-VIS spectrophotometer. The concentration of the samples were extrapolated from the calibration curve of absorbance and known concentrations of different standard. The details of the methods and reagents are as follows. Sample preparation: 100 mg of dried and powered leaves of all the plant accessions were taken, and were extracted with ethanol (80%) on the boiling water bath for 30 minutes. The supernatant was preserved for analysis of sugar, protein, total phenol and tannins. Quantification of total sugar: Anthrone method (Hodge, 1962) . 0.2 ml of sample was taken with 1ml distil water and 4ml of freshly prepared Anthrone reagent was added to it. Warm for 8 min in the waterbath and cooled to room temperature. The absorbance of the green coloured complex was observed at 630nm. Quantification of total protein: Lowry method (Lowry et al., 1951) . 0.2 ml of sample was taken with 2 ml of alkaline copper sulphate reagent. After 10 min, 0.2 ml of Folin Ciocalteau solution was added and incubated for 30 minutes. The absorbance of the colored complex was observed at 660nm. Quantification of total phenol: Folin -Ciocalteau method (Ainsworth et al., 2007) . 0.1ml extract was diluted to 2.5ml with distilled water in a test tube and mixed with 0.5ml of freshly prepared Folin -Ciocalteau reagent. The mixture was treated with 2ml Na 2 CO 3 solution. It was boiled for 1 min and cooled to room temperature at running tap water. Absorbance was measured with the spectrophotometer at 650 nm. Determination of total tannin: Folin Denis method (Makkar et al., 1993) . 0.5g of powered plant material with 75ml water was boiled for 30 minutes in a conical flask and pelleted at 2000 rpm for 20 minutes. Supernatant was used for estimation. In one ml of sample, 5ml of Folin Denis reagent and 10 ml of sodium carbonate solution was added. It was heated for 1 minute and cooled to room temperature. Absorbance of the colored complex was measured at 700nm. Quantification of total flavonoid: Boham and Kocipai-Abyazan (1974) 10 gms of the plant sample was extracted repeatedly with 100 ml of 80% aqueous methanol at room temperature. The whole solution was filtered through Whatman filter paper No. 42 (125 mm). The filtrate was later transferred into a crucible and evaporated into dryness over a water bath and weighed to a constant weight. The flavonoid precipitated was recovered by filtration using weighed filter paper. The resulting weight difference gave the weight of flavonoid in the sample. Distance Matrix and Cluster Analysis of Ashwagandha genotypes: The morphological and biochemical parameters were used to produce a dendrogram using cluster analysis subprogramme "SimInt" of the software NTSYS-pC (Numerical Taxonomy and Multivariate Analysis System), which revealed the genetic linkage and proximity among all the genotypes investigated. The distance matrix calculated using software NTSYS-PC version 2.12.
RESULTS AND DISCUSSION
Statistical analyses were performed by using SPSS software (Version 15.0, SPSS Inc., USA). An extreme degree of variability exist with respect to growth habit, morphological and biochemical characteristics of plants in different parts of the country. Variation analysis: Study of variability in morphological characters based on nine quantitative parameters revealed maximum variability in the fresh weight and dry weight of root followed by fresh and dry weight of leaf and maximum leaf size and number of berries per plant. This pattern of variation was found same for both controls set (Table 1) as well as for mycorrhiza treated set ( Table 2 ). Morphological variability of characters showed the genotypic differences between the different accessions of the species studied. It can be used as an index to analyze the genotypic differences present within the species and such differences indicate the genetic diversity of the spe- where, * correlation is significant at the 0.05 level (1-tailed) and ** correlation is significant at the 0.01 level (1-tailed) cies that has accumulated in the course of evolution of the species in different populations. The selected five accessions were also subjected to estimation of phytochemical variability based on the five quantitative parameters (Table 2) . Leaves were used as a sample for phytochemical analysis. The highest variability was found in protein followed by tannin and flavonoid in case of control set (without mycorrhiza), while in mycorrhiza treated set, variability was found to be highest in phenol and then in tannin and flavonoid. This indicates that association of mycorrhiza with the host plant gives a visible and remarkable increase in the production of secondary metabolites like phenol and tannin. The extent of association and diversity between yield and its contributing characters may be exploited and quite helpful in breeding programs for making selections. A critical observation of correlation coefficient (Table 3 and Table 4 ) between different traits revealed that plant height has positive and highly significantly correlation with root length, number of berries/plant and seed yield per berry. Maximum leaf size is correlated with fresh and dry weight of leaf whereas root length exhibited positive and more significant correlation with plant height In case of phytochemicals, both total sugar and protein showed highest correlation with flavonoid; whereas phenol revealed maximum correlation with tannin. However, majority of morphological characters showed negative correlation with the phytochemical traits except the fresh and dry weight of root and root length, which depicted significantly positive correlation with all the phytochemical traits viz. total sugar, protein, phenol, tannin and flavonoid. The significant value of correlation 0.01 levels (1-tailed) found between tannin and root length. On the other hand the significant value of correlation at 0.05 levels (1-tailed) found between number of berries per plant and total sugar and protein, maximum leaf size and root length and plant height and protein. The pattern of correlation is same for both control set as well as mycorrhiza inoculated set. This indicated that root length and root weight was found to be highly and positively associated with plant height, number of berries per plant, total sugar, phenol, protein, tannin and flavonoid. Thus it can be concluded that functionally related traits tend to be highly integrated morphologically and their phenotypic correlation confirmed the functional relationship. A highly significant and positive association of plant height with root length, number of berries per plant and root weight was observed. Since they have originated in different habitats and have contributed significantly towards the adaptability and divergence of the species, such diversities can be considered as valuable sources of genes and genotypes for the selection of superior variety. Thus, variations identified can be considered as an important source of gene differences and can be exploited in propagation and breeding programs.
Analysis of variance (ANOVA):
The data obtained for each character was analyzed by the usual standard statistical procedure (P<0.05). To provide comparisons, the sum of square was partitioned into varieties and treatments for different characters (Table 5 , 6, 7 and 8). The results obtained indicate that the mean sum of squares in all the five varieties were found to be significant for all the characters, indicating considerable amount of variability among the control set (without mycorrhizal inoculation) and the set treated with mycorrhiza. Significant result was found in all the characters except leaf size and number of seeds per berry. The significant mean sum of squares in control and treated set for all the traits indicated the presence of variability between the control and mycorrhizal inoculated set. Plant height (cm): It was found that there is 16.46% increase in overall mean performance and when it was inoculated with mycorrhiza, all the five varieties showed significant increase in the plant height with 2.3% coefficient of variation.
Maximum leaf length (cm):
According to the results of ANOVA, genotypes inoculated with mycorrhiza showed non-significant increase in leaf size as compared to control plants. High variability was observed in leaf size for selected genotypes of Withania somnifera (L.) Dunal with range from 4.5 -9.5 cm. Overall result of mean showed an increase of 28.5% in leaf size after mycorrhiza inoculation and 15.5% increase in coefficient of variation. The genotypes belong to different geographical region with high variation in climatic conditions. This also proves that leaf size is one of the important characteristic of Ashwagandha plant affected by geographical variations. T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T   2 T1 T2 T1 T2 T1 T2 T1 T2 V1 69 overall mean value of mycorrhiza inoculated variety with non-inoculated one, there was an increase in 26.83% in fresh weight of leaves. The variation was found to be significant with the coefficient of variation 3.54%.
Fresh weight of leaf (gm): On comparison of

Dry weight of leaf (gm):
The mean value was studied and compared. Mycorrhizal presence showed an increase in dry weight of leaf by 35.35%. This increase was found significant with 4.13% coefficient of variation. Root length (cm): The significant increase in root length (66.65%) was observed after inoculation with mycorrhiza. The coefficient of variation (CV%) was 9.06 which indicates root length to be significant factors affected by the presence of mycorrhiza.
Fresh weight of root (gm):
The calculated mean value was compared between control and mycorrhiza inoculated variety. It showed an increase by 66.2% in fresh weight of root after mycorrhiza treatment. This variation is found to be significant with CV% value as 7.38.
Dry weight of root (gm):
In all the five selected varieties, the comparative analysis of mean value depicted that dry weight was also influenced by mycorrhiza. The calculated increase in percentage from the mean value was 64.66%. The coefficient of variation was found to be significant with the value 7.35%. Number of berries per plant: It was found that there was 8.9 % increase overall mean performance in number of berries when it was inoculated with mycorrhiza. All the five varieties showed significant increase in berries number with 2.74% coefficient of variation. Number of seeds per berry: Statistically, all genotypes of plant when inoculated with AM showed non-significant increase in number of seeds per berry as compared to control plants. The high variability was found in number of seeds/berry ranging between 20-26. Overall result of mean showed an increase of 24.6% in number of seeds after mycorrhiza inoculation and 7.48% increase in coefficient of variation. Total sugar (mg/gm dry weight of leaf): All the selected Ashwagandha varieties were analyzed and compared for total sugar content. It was found that inoculation of AM in Ashwagandha significantly increased the total sugar content. The estimated increase in percentage from the mean value was 41.19 %. The coefficient of variation was found to be significant with the value 3.72%. Total protein (mg/gm dry weight of leaf): An increase of 19.38 % overall mean performance in the total protein estimated was observed when inoculated with mycorrhiza. All the five varieties showed significant increase in total protein with 1.86% coefficient of variation. Total phenol (mg/gm dry weight of leaf): Significant increase in phenol concentration after inoculation with mycorrhiza was found to be 63.3%. The coefficient of variation was 7.42% which showed that phenol is one of the significant factor affected by the presence of mycorrhiza.
Total tannins (mg/gm dry weight of leaf):
The increase in tannin concentration was found to be 13.21 after mycorrhizal treatment. In all the five varieties, tannin showed significant increase in coefficient of variation (1.74%). Total flavonoid (mg/gm dry weight of leaf): The sum of squares mean value of both control and mycorrhiza inoculated varieties was compared. It showed an increase of 49.3% in flavonoid content after mycorrhiza treatment. This variation was found to be significant with CV% value as 7.38. In the above results, high significant growth diversity was found in all the studied traits between mycorrhizal inoculated and control plants. Phenol and flavonoid contents showed maximum variation, followed by root length, dry and fresh weight of root. The following result indicated that mycorrhiza play a significant role in secondary metabolite production. It also suggested that the production secondary metabolite in response to the inoculation with AMF may vary in different germplasms of same species. Dos Santos et al. Al-Karaki and Clark (1999) indicated that shoot and root dry matter were higher for mycorrhizal infected wheat plants than non-infected plants which were ascribed to an already established phenomenon of higher phosphorus (P) uptake by AMF infected roots for the plants. The present study suggests that AMF colonization improved positively the overall growth and development of Ashwagandha. It also emphasizes the fact that AMF is responsible for an increase in different morphological and biochemical trait parameters and also the tolerance power of plant to fight against stress conditions through an enhanced production of secondary metabolites. Cluster analysis using phyolegentics tree of Ashwagandha genotypes: The data obtained from morphological and biochemical parameters for all the five accessions viz. IC 283662, JA 134, RAS 23, MPAS 6 and MWS 205 were further used to construct distance matrix with fourteen different characters using software NTSYS-PC version 2.12. All the five genotypes of Ashwagandha were grouped in major and minor clusters based on the distance coefficient. JA 134 and RAS 23 showed highest similarity with lowest distance coefficient value 2.0. JA 134 and RAS 23 together showed high similarly with MWS 205 at a distance coefficient of 3.0. Finally IC 283662 followed by MPAS 06 showed less similarity with high distance coefficient 4.0 and 5.0 respectively. Thus, among all the five genotypes, JA 134 and RAS 23 showed the maximum similarity for all the 14 morphological and biochemical characters in the presence of mycorrhiza as revealed by phylogenetic tree (Fig.  5) .
Conclusion
Morphological and biochemical variability of characters of Ashwagandha, W. somnifera shows the genotypic differences between the different accessions of the species studied. It can be used as an index to analyze the genotypic differences present within the species and such differences indicates the genetic diversity of the species that has accumulated in the course of evolution of the species in different populations. Since these genotypes have originated in different habitats they have contributed significantly towards the adaptability and divergence of the species. It can be considered as valuable sources of genes and genotypes for the selection of superior accessions leading to their use in conservation, propagation and economical exploitation. Such variation can also be exploited both for commercial and plant breeding purposes.
